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Investigation of KOC Expression as a Potential Diagnostic Biomarker for Pancreatic Ductal Adenocarcinoma

**Asif Ali^1^, Victoria Brown^2^, Jamieson^3,4^, S.M. Denley^3^, R.C. Carter^3^, C.J. McKay^3^, Karin A. Oien^1,5^**

^1^Institute of Cancer Sciences, College of MVLS, University of Glasgow, Glasgow, ^2^Department of Pathology, Forth Valley Royal Hospital, Larbert, ^3^West of Scotland Pancreatic Unit, ^4^University of Glasgow, Department of Surgery, ^5^University Department of Pathology, Glasgow Royal Infirmary, Alexandra Parade, Glasgow, UK. E-mail: <a.ali@beatson.gla.ac.uk>

**INTRODUCTION**

Pancreatic ductal adenocarcinoma (PDAC) is common and aggressive with a 5-year survival of 2-3%. Initial assessment of patients involves imaging and diagnostic cytology at endoscopy. Pre-treatment diagnosis on cytology samples can be difficult to establish, and may be improved with diagnostic biomarkers. KOC (k homology domain protein) is highly expressed in PDAC but less in normal ducts. Therefore, KOC could help to increase the diagnostic accuracy of pancreatic ductal adenocarcinoma (PDAC) versus benign or inflammatory tissue. Our aim was to validate the expression of KOC in a local surgical cohort.

**MATERIAL AND METHODS**

Optimised antibodies for KOC were applied to 3 Tissue Microarray (TMA) slides containing a total of 256 cores (149 PDAC, 107 Normal Ducts) from 89 patients. Afterwards, we analysed the immunohistochemical expression of KOC with the intension of differentiating PDAC from normal pancreatic ducts. We selected cores for comparison purposes as negative, weak, moderate and strong for staining. The expression was visualised as a cytoplasmic stain of varying intensity and proportion in distiller 2.1. Results were quantitatively measured as a "weighted histoscore", taking into account both the intensity of staining and the proportion of cells being positive \[Histoscore= (negative=0×%cells + weak=1×%cells + moderate=2×%cells + strong=3×%cells)\].

**RESULTS**

Immunohistochemical analysis of KOC expression showed heterogeneity of staining in PDAC but not in normal ductal tissues. Overall average percentage of KOC expressing cells across all cores in 3 TMAs for PDAC samples was 77.9% (range, 0%-100%), however in normal pancreatic ducts it was 0.32% (range, 0%-10%) \[p \<.0001, Independent sample t test\]. Similarly, the average histoscore for PDAC samples was 153 (range, 0-300), while for normal ducts it was 0.52 (range, 0-18) \[p \<.0001, Independent sample t test\]. Finally, with a cut-off of 12.5% positivity of cells and at least weak staining, a sensitivity of 83.9% and specificity of 100% was achieved.

**CONCLUSION**

The results of this study with 100% specificity and almost 84% sensitivity demonstrate that KOC expression is essentially restricted to PDAC in tissue samples. Thus it has the potential to increase the diagnostic accuracy of cytological samples of PDAC, but further studies on cytologic samples of PDAC and normal ducts are required.

Selected Hematologic Malignancies Show Interspersed Repeat Elements Clustering Near Chromosomal Translocations Breakpoints

**Nemanja Rodic, Kathleen Burns^1^**

Johns Hopkins Hospital, Department of Pathology, Baltimore, MD, ^1^McKusick-Nathans Institute of Genetic Medicine, Sidney Kimmel Comprehensive Cancer Center Throughput Biology Center, Baltimore, MD. E-mail: <nrodic1@jhmi.edu>

**CONTENT**

Chromosomal translocations are important to the development of hematologic malignancies, though their mechanisms are only partially understood. Some chromosomal translocations involve V(D)J-type recombination or selected sequences, such as CpG dinucleotides. However, most chromosomal translocations are thought to be random, presumed to be due to ionizing radiation of reactive oxygen species. A publically available database of selective recurrent chromosomal translocations breakpoints is maintained, though no bioinformatics pipeline exists for its evaluation with respect to interspersed repeats.

**TECHNOLOGY**

We are evaluating associations between recombination-promoting motifs, such as repeat elements, and chromosomal breakpoints by developing and applying a computational technique to a large publically available breakpoint database.

**DESIGN**

We have analyzed a database of over 470 breakpoints from recurrent interchromosomal rearrangements in human hematopoietic tumors. We started by sequence alignment of each breakpoint to a unique genomic coordinate. Next we used pattern recognition software to visualize repeat element motifs distributions near chromosomal breakpoints. We then developed a computational approach to map and calculate distances between chromosomal breakpoints and nearest repeat element motifs. Finally, we applied formal statistical method to identify breakpoints that are closer to the motifs than they should be given random chance.

**RESULTS**

Of nine breakpoint loci analyzed, we show that human translocation breakpoints at Transcription factor 3, C-abl oncogene 1receptor tyrosine kinase, and Myeloid/lymphoid or mixed-lineage leukemia variant gene loci show distinctive patterns of clustering in proximity to repeat elements. Organizing the breakpoints by the stage of development during which the rearrangement occurs reveals that the repeat element-type translocations occurred in the Pro-B/Pre-B Cell and Lymphoid-Myeloid Hematopoietic Stem Cells. Interestingly, we do not observe repeat element sequence hotspots in lymphoid progenitor, mature B, or T cells.

**CONCLUSION**

We show that chromosomal breakpoints cluster near repeat elements in translocations incurred at the Pro-B/Pre-B Cell and Lymphoid-Myeloid hematopoietic stem cell stage. The stage specificity and repeat element targeting may be related to locus specific epigenetic modifications within selected repeat element sequence domains.

Tumor Microenvironment Influences Glioblastoma Molecular Subclass and Transcription Factor Expression

**Christina Appin^2^, Lee AD Cooper^1,4^, David A. Gutman^1,4^, Candace Chisolm^2^, Yuan Rong^2^, Tahsin Kurc^1,4^, Erwin G. Van Meir^3,5^, Joel H. Saltz^1,2,4,5^, Carlos S. Moreno^2,4,5^, Daniel J. Brat^2,4,5^**
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**CONTENT**

Gene expression profiling has made possible the further subclassification of human malignancies, providing data that identifies new potential therapeutic targets. The Cancer Genome Atlas (TCGA) project, through cluster analysis based on gene expression, has demonstrated four distinct molecular subclasses of glioblastoma (GBM), designated proneural, neural, classical and mesenchymal. The mesenchymal class, associated with the worst prognosis, is regulated by six transcription factors, with C/EBP-β/δ and STAT3 identified as master transcriptional regulators. Our study investigates whether the tumor microenvironment influences GBM molecular subclass and master transcriptional regulator expression.

**TECHNOLOGY**

Digitized TCGA GBM frozen section slides were downloaded and areas of necrosis and angiogenesis were selected and quantified using a human-computer interface. Significance Analysis of Microarrays (SAM) and Cox regression were used to identify genes significantly correlated with microenvironment. Ingenuity Pathway Analysis was used to identify pathways enriched with necrosis-correlated genes.

**DESIGN**

177 slides from 91 patients were analyzed. Extent of necrosis and angiogenesis were determined as percentage of total tissue. SAM and Cox regression analysis were used to identify genes correlated at 5% significance (with multiple hypothesis correction).

Immunohistochemistry was performed on a separate set of 10 GBM samples for the transcription factors C/EBP-β/δ, and STAT3.

**RESULTS**

GBM samples with a high degree of necrosis were more likely to be of the mesenchymal class. Furthermore, the mesenchymal class had a higher mean percent necrosis than the other classes. Among non-mesenchymal classes, as extent of necrosis increased, the transcriptome more closely resembled that of the mesenchymal class. Angiogenesis did not show a significant correlation with transcriptional class. Cox regression analysis identified 2,422 genes correlated with extent of necrosis. The transcription factors C/EBP-β/δ, STAT3, FOSL2, bHLHE40 and RUNX1 (regulators of the mesenchymal class) were among those showing the tightest correlation with necrosis. Integrated Pathway Analysis of genes associated with necrosis identified enrichment of canonical pathways including hypoxia signaling, Rac, Rho, PI3K/AKT, NFκB, IL-6, ERK/MAPK, and JAK/STAT. Immunohistochemistry showed strong expression of C/EBP-β/δ, specific for the hypoxic, peri-necrotic "pseudopalisading" tumor cells.

**CONCLUSION**

This study demonstrates that necrosis is strongly associated with the GBM mesenchymal subclass and influences the expression of master transcriptional regulators C/EBP-β/δ and STAT3.

How do Pathology Residents Acquire Expertise in the Reading of Dermatopathology Slides?

**Claudia Mello-Thoms**

University of Pittsburgh, Department of Biomedical Informatics, Pittsburgh, PA. E-mail: <mellothomsc@upmc.edu>

**CONTENT**

There are many theories regarding how medical residents acquire expertise in Pathology. We will focus on two theories, the ′forward reasoning′ strategy, which advocates that identification of diagnostic criteria is paramount to the formation of correct diagnostic hypotheses, and the ′hypothetical-deductive′ model, which poses that residents first generate a number of possible diagnostic hypotheses and then extract diagnostic criteria in order to confirm or to dismiss the generated hypotheses.

**TECHNOLOGY**

A custom-designed interface was used for this study. Observers had the ability to zoom in on the slides (up to 20x), pan, report diagnostic criteria, diagnostic hypotheses and final diagnoses (or set of differential). All interactions with the interface were time-stamped and recorded.

**DESIGN**

Eleven Pathology residents read a set of 20 virtual slides depicting inflammatory skin dermatitides. Artificial Neural Networks were trained to represent the decision making strategy of the residents. Under this paradigm, four different types of models were built: (i) using identified diagnostic criteria to predict correctness of recently identified diagnostic criteria; (ii) using reported diagnostic hypotheses to predict correctness of identified diagnostic criteria; (iii) using reported diagnostic criteria to predict correctness of recently identified diagnostic hypothesis; and (iv) using reported diagnostic hypotheses to predict correctness of recently identified diagnostic hypothesis. If residents are relying on the ′forward reasoning′ strategy, models (i) and (iii) will be better predictors than models (ii) and (iv), respectively. The reverse will be true if they are using the ′hypothetical-deductive′ model.

**RESULTS**

Preliminary analyses suggest no statistically significant differences in prediction between models (i) and (ii). However, significant differences seem to occur between models (iii) and (iv), with model (iii) (using identified diagnostic criteria to predict correctness of newly reported diagnostic hypothesis) being a stronger predictor (average area under the ROC = Az = 0.820) than model (iv) (average area under the ROC = Az = 0.776). Statistical analyses were carried out using the Mann-Whitney U-test, P\<0.05.

**CONCLUSION**

Connectionist modeling has been used extensively to explain cognitive processes in many domains. Here we apply it for the first time to identify decision making patterns among Pathology residents.

Facilitating Feedback and Education on the Hot Seat Rotation

**John H. Sinard, Neil Mutnick, Peter Gershkovich**

Yale University School of Medicine, Department of Pathology, New Haven CT. E-mail: <john.sinard@yale.edu>

**CONTENT**

The "Hot Seat" rotation in anatomic pathology residency training gives senior residents the opportunity to review a large volume of slides from a variety of services and to field clinician inquiries about the cases. Traditionally, obtaining feedback on those cases that they have seen has been difficult to ensure, and residents have often resorted to making lists of interesting cases and looking up these cases days later in the anatomic pathology laboratory information system (AP-LIS) to see how the attending pathologist ultimately signed the case out.

**TECHNOLOGY**

We developed in-house a custom software solution that is semi-integrated into the operation of our CoPath (Cerner DHT, Waltham MA) information system. The software is written in Java and deployed as a web application using the Google Web Tool Kit.

**DESIGN**

The Hot Seat application is designed to provide: 1) rapid access to all of the pertinent clinical and ancillary information about a case (text, histology status, events, clinician contact information, photographs, prior specimens, etc.), thus, replacing the need for the working draft; 2) an opportunity for the resident to enter their impression of the case; 3) the ability for the resident to compare (later and efficiently) their impression with the signed out final diagnosis, and to self-score the level of agreement; and 4) summary statistics of the resident performance by specialty area for self evaluation.

**RESULTS**

The application has been extremely well received by the residents on the rotation. Resident evaluation of the rotation has improved, and the residents feel they can look at more cases more efficiently than the prior method of flipping through pages in a logbook. Also, because the interface allows rapid access to complete information about a case, it has begun to be used outside of the hot-seat rotation.

**CONCLUSIONS**

Informatics tools can be used to improve the educational experience of residents on a hot seat rotation by tracking cases, providing feedback on diagnosis, and enabling self-assessment of performance.

Optimizing Pathology Teleconferencing in the Disbursed Academic Medical Setting: Image Quality, Flexibility, and Cost Considerations Differentiate Options

**Philip J. Boyer^1^, Lisa Litzenberger^1^, Brandon Davis^1^, Andrew B. Sholl^1^, Frank Moore^1^, Andrew J. Rohrer^1^, Mark L. Gallen^1^, Fernando J. Castro-Silva^1^, Francisco G. LaRosa^1^, Geza S. Bodor^2^**

^1^University of Colorado Denver, Department of Pathology, Aurora, CO, ^2^Denver Veterans Affairs Hospital, Denver, CO. E-mail: <philip.boyer@ucdenver.edu>

**CONTENT**

The University of Colorado Denver (UCD), department of pathology faculty, residents, and fellows are dispersed among six training sites, necessitating a teleconferencing solution for inter-site conferences and meetings. A polycom distributed media application system was in use, provided by UCD educational support services, requiring the use of a complex, expensive hardware solution in primary conference rooms with meetings established and maintained by UCD staff, operated through a "bridge," with staff juggling multiple concurrent conferences. Virtually every Polycom session was plagued by unacceptably poor image quality and delays in or failure of transmission of images, with frequent dropped connections. Three of our sites do not have the hardware in place to accommodate such conferencing. Departmental faculty and staff were not in control of the process.

**TECHNOLOGY**

Evaluations on the UCD campus and, when possible, between teaching sites were undertaken with (1) combined hardware and software solutions including Polycom, Haivision, and LifeSize options and (2) online software / conference call solutions including GoToMeeting, Adobe Connect, and WebEx.

**DESIGN**

The various options were assessed for simplicity of use including working within the VA system\'s locked-down constraints, reliability, quality of transmitted images and sound, flexibility including option to easily switch between presenters at different sites during a conference, ability to quickly create an unscheduled conference, ability to incorporate live transmission of whole slide images and microscopic slides, conference archiving, and cost.

**RESULTS**

The aging Polycom equipment at two sites would not accommodate the transmission of high definition signal, budget would not allow for replacement, and three sites did not have the equipment to receive the Polycom conferences. The budget for a replacement multi-featured hardware-software system was not available. The online software / conference call solutions were similar, each with positives and negatives.

**CONCLUSIONS**

A combination of a GoToMeeting online session and a concurrent conference call was found to be the least complex option that allowed for outstanding image quality, easy alternation of presenters between sites, and minimal cost. Connections at each of the sites were easily accomplished by residents and departmental staff, for scheduled and ad hoc meetings, and all six sites could easily join in on conferences.
